Two experiments examined postural responses of 3-to 6-year-old children to visual informarion for oscillation. In Experiment 1, children saw oscillations of the surround, with these movements ranging in frequency between 0.2 and 0.8 Hz. Analyses of anterior-posterior postural sway revealed that, similar to previous developmental investigations, the frequency of sway matched the frequency of oscillations. Analyses of sway amplitude and timing, however, revealed patterns of results more in keeping with research on adults. Experiment 2 extended these findings, presenting oscillations in which the frequency changed during the trial. Analyses of anterior--posterior sway revealed that sway frequency matched both speeds of movement. In contrast, amplitude and timing measures were again in line with adult data. These results suggest that the postural sway of children contains both adultlike and nonadultlike parameters of balance control.
Recent work suggests that actors maintain upright posture using information arising from three sensory-perceptual systems--vestibular, kinaesthetic, and visual information. Traditional approaches have long recognized that balance depends on vestibular and ldnaesthetic information. However, the function of vision in maintaining equilibrium has been less clear, despite numerous experiments demonstrating that visual information is not only involved in maintaining balance but possibly plays a dominant role in controlling stance. Given the importance of these inputs, study of postural control and its development represents a rich domain for investigating the growth of perception-action coupling (Hofsten, 1989; Pick, 1984; Schmuckler, 1993 Schmuckler, , 1995 .
Compelling evidence demonstrating vision's importance in postural control comes from research on the perception of "vection" (see Dichgans & Brandt, 1978) , which is the sense of self-motion induced when a stationary observer is placed within a moving environment (Delorme & Martin, 1986; Dichgans & Brandt, 1978 ). An interesting example of this phenomenon was provided by Lee and colleagues (Lee & Aronson, 1974; Lee & Lishman, 1975; Lishman & Lee, 1973) in their experiments using a "moving room" apparatus. In those experiments, observers stood in an enclosure
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consisting of three walls and a ceiling that moved silently back and forth above a stationary floor. Movement of the room in one direction simulated the visual information arising if observers had lost their balance in an opposite direction. Postural compensation in response to this perceived loss of balance occurred via movement by observers in the same direction as the room movement. When the participants in these studies were adults, postural compensation was in the form of forward or backward sway. When the participants were young toddlers, postural reactions were much more dramatic, consisting of sways, staggers, and falls.
Although numerous investigations have demonstrated that visual information induces postural perturbations across a range of ages, work investigating the limits of this perception-action coupling has uncovered many differences between infants and adults. One component of postural control that differs developmentally involves the postural response induced by visual information for movement at high versus low frequencies of oscillation. For adults, compensatory postural sway in response to visual information does not occur for high-frequency oscillations. Perhaps the most systematic study demonstrating this finding was performed by van Asten, Gielen, and van der Gon (1988) , who measured lateral (e.g., side-to-side) postural compensations for observers viewing a display rotating around the line of sight. In that study, coherent postural compensations occurred in response to rotations only when the frequency of rotation was less than 0.3 Hz; when rotations were faster, lateral postural sway did not differ from the postural movements of observers standing with their eyes closed. In the same vein, Stoffregen (1986) presented observers with varying speeds of oscillation of a moving room and found weaker correlations between room movement and postural sway at faster speeds, relative to slower speeds. In general, then, adults appear not to use high-frequency visual information for movement in maintaining their balance.
In contrast, infants and young children use both high-and low-frequency visual information in controlling their posture (Bai, 1991; Bertenthal, Rose, & Bai, in press; Delorme, Frigon, & Lagace, 1989) . Delorme et al. (1989) examined the postural response of 7-to 48-month-old children to moving room oscillations at 0.52 Hz while these children stood on a force platform holding onto a horizontal rod for support. Analyses of the frequency content of postural sway revealed that the frequency of children's postural sway matched the frequency of room movement, with children also swaying at 0.52 Hz. Bai (1991) examined the postural response of seated 5-, 9-, and 13-month-old infants to visual information for movement at 0.3 and 0.6 Hz. Similar to Delorme et al. (1989) , she found that the frequency of postural sway for both 9-and 13-month-old infants matched the frequency of the visual information for movement. These results are more formally presented by Bertenthal et al. (in press) .
Another component of postural control that appears to display developmental differences is the timing of postural responses, relative to the visual information for movement. Research with adults by Lestienne, Soechting, and Berthoz (1977) and van Asten et al. (1988) found that the time lag between visual information for movement and postural response increased with increasing frequency of the visual information. In contrast, Bai (1991) observed an opposite pattern of results, with the time lag both longer and more variable for slow speeds of movement, relative to faster speeds.
A third component of postural control, and one with a more mixed pattern of results, involves the amplitude or strength of the postural response. Research with infants (Bai, 1991; Bertenthal et al., in press) and with adults (Lestienne et al., 1977) suggested that the amplitude of postural reactions increases with increasing frequency of oscillation. In contrast, van Asten et al. (1988) observed that the amplitude of postural responses was independent of the velocity of the movement, at least for velocities exceeding 5 deg/s. Thus, although there is some correspondence in the amplitude of postural reactions as a function of frequency for infants and adults, as a whole the findings are far from congruent.
Infants and adults also differ in terms of whether or not there is adaptation or attenuation of the postural response over time and repeated exposure. Although postural attenuation has not been particularly well-studied in postural control research, there have been a few scattered reports of postural adaptation. Developmentally, Bertenthal and Bai (1988) and Bai (1991) proposed adaptation to explain an observed decrease in the strength of the postural response across a series of trials in a moving room. Clement, Jaequin, and Berthoz (1982) similarly found evidence for postural adaptation, with adults exhibiting a decrease in postural sway amplitude across subsequent blocks of trials in response to roll vection (circular movement around the line of sight), but not to linear vection (forward and backward motion).
Taken together, these results imply that between infancyearly childhood and adulthood children undergo drastic developmental change, adopting adultlike perceptionaction coupling in postural responses. As related evidence, Shumway-Cooke and Woollacott (1985) noted that between approximately 4 and 7 years children begin to display adultlike motor responses to postural perturbations induced by a moving platform. Given that this age range represents a transitional period in motor control, it is conceivable that there might be a similar developmental transition occurring at this time in the scaling of postural responses to visual information (perception-action coupling).
If this age range does reflect a transition period in the growth of perception-action coupling, how might such developmental change be indicated? One pattern might be a gradual shift in postural reactions to visual information for movement, such that children adopt adultlike responses across all components of postural sway (frequency, timing, and amplitude) simultaneously. A more intriguing pattern, however, would be that children display adultlike postural control in some aspects of their postural response, while reacting in a nonadultlike fashion in other ways. Although not intuitively obvious, such a pattern fits well with systems analyses (Sameroff, 1983; see Thelen & Smith, 1993 , for a review) in which a specific developmental ability is actually the resultant product of the growth of a host of component subskills, each with its own individual time course of development (Thelen, 1986 (Thelen, , 1988 ). In the current situation, this means that frequency, amplitude, and timing parameters would be associated with different developmental trajectories.
Experiment 1: Slow to Fast Frequencies of Oscillation
The primary motivation for Experiment 1 was to explore the frequency, amplitude, and timing components of 3-to 5-year-old children's postural sway in response to visual information specifying different speeds of self-motion. As just described, this age range, which has been curiously understudied in previous work on postural control, encompasses an intriguing developmental transition period in posrural control (Riach & Hayes, 1987; Shumway-Cooke & Woollacott, 1985; Woollacott, Debfi, & Mowatt, 1987) . As such, this experiment represents an initial foray into whether or not this age range also represents a transition period in the perception-action coupling associated with maintaining balance.
This experiment also provides some insight into factors underlying any observable developmental differences. One set of parameters that may be important in this regard is the differences between infants and children and adults in terms of anthropomorphic variables (e.g., body height, body weight, etc.), age, or locomotor skill and experience measures. Theoretically, body size parameters or walking skill measures, or both have been implicated as important for a variety of motor and perception-action behaviors, including crossing and sitting on surfaces, walking up stairs and ramps, crossing gaps, stepping over barriers, and so on (Adolph, 1995; Burton, 1992; Carello, Grosofsky, Reichel, Solomon, & Turvey, 1989; Gibson et al., 1987; Konczak, Meeuwsen, & Cross, 1992; Mark, 1987; Mark, Baillet, Craver, Douglas, & Fox, 1990; Mark & Vogele, 1987; Pufall & Dunbar, 1992; Schmuckler, 1995 Schmuckler, , 1996 Schmuckler & Gibson, 1989; Warren, 1984; Warren & Whang, 1987) . In the current situation, children may respond posrurally to visual information for high-frequency oscillations simply because it is physically easier for them to oscillate their bodies at higher frequencies, given their shorter height and decreased torso mass. In Experiment 1, I explore this issue by relating postural control parameters to various body size and age-experience factors.
Another factor that might account for some of these ontogenetic differences is the fact that in other developmental investigations (Bai, 1991; Bertenthal et al., in press; Delorme et al., 1989) participants always received some form of external postural support. In Delorme et al. (1989) children held onto a stationary, horizontal rod, whereas in Bai (1991) and Bertenthal et al. (in press) children sat in an infant seat. This limitation, though necessary because of the age of the participants involved, is difficult to evaluate given that previous work (developmental or otherwise) has not systematically explored the impact of such external support on postural control. Employing children between 3 and 5 years as participants affords an opportunity to investigate this issue, in that this age range is among the earliest that one can present children with visual flow information for postural instabilities without a fear of inducing dramatic losses of balance (staggers or falls). Stoffregen, Schmucklet, and Gibson (1987) , for example, observed few such reactions in a group of 2-to 5-year-olds in response to unidirectional room movements.
To examine these issues, 3-to 5-year-old children were presented with four speeds of visual information for oscillating movement (0.2, 0.4, 0.6, and 0.8 Hz), with the frequency, amplitude, and timing components of their postural sway quantified. These speeds were chosen for a variety of reasons. First, they encompass approximately the same range of frequencies used by van Asten et al. (1988) , thereby providing rough comparability between the studies. Second, this range extends both the upper and lower boundaries of speeds used in developmental investigations. Delorme et al. (1989) tested only a single speed of movement (0.52 Hz), whereas Bai (1991) and Bertenthal et al. (in press) used two speeds of movement (0.3 and 0.6 Hz). It is possible that children's postural sway does drop off at higher frequencies, but that previous work failed to observe such a drop off simply because it did not use fast enough speeds. Third, and pragmatically, because oscillations were produced manually with a moving room, this was the widest range of slow and fast speeds that could be reliably produced by an experimenter.
Me~od
Participants. The final sample of participants consisted of 22 children (12 boys) with a mean age of 48.7 months (ages ranged from 36.0 to 64.3 months). Three other children initially began the experiment but refused to complete the study. A fourth child continually moved his feet during the study rendering the posturai sway data unusable. All children were recruited from the Scarborough, Ontario, Canada community, and received a toy and certificate for participating.
Apparatus. Visual information for movement was produced using a "moving room" apparatus, similar to that used in previous developmental investigations of postural control (Bai, 1991; Delorme et al., 1989; Lee & Aronson, 1974; Schmuckler & Gibson, 1989; Stoffregen et al., 1987) . This room, which was 5 ft long × 4 ft wide × 4 ft tall (1.53 m x 1.22 m × 1.22 m), consisted of three walls and a ceiling and had wheels mounted in each comer such that it robed back and forth on top of the stationary floor. For an observer positioned within the room facing the back wall, movement of the room simulates the full field optical flow information produced by a loss of posture by the observer (e.g., a sway) and produces a postural readjustment, or compensatory postural sway, in the same direction as the room movement. The inner walls of the moving room were covered with contact paper consisting of random patches of gold flecks on a white background; the ceiling of the room was not covered. Previous studies have used a variety of textures for the walls of a moving room, ranging from plain white (Lee & Aronson, 1974 ) to a random marble pattern (Schmuckler & Gibson, 1989; Stoffregen et al., 1987) , to thick green and white vertical stripes (Bertenthal & Bai, 1988 , 1989 ; all of these patterns have produced significant postural compensation in response to room movement. The moving room was illuminated by two lights attached to the top of the room. Room movements were monitored using a potentiometer attached to the room by a string.
Postural reactions were measured using a force platform located on the floor in the center of the moving room. This platform was 50.5 cm square, and contained strain gauges mounted in the comers of the platform. Voltages from this platform, as well as the signals from the potentiometer connected to the room, were input directly into an IBM-PC compatible 286 computer, using a Metrabyte Das-8 PGA A/D board. The sampling rate for the force platform and room potentiometer was 100 Hz. Voltages from the strain gauges were ultimately converted into changes in center of pressure in lateral (side-to-side) and anterior-posterior (forward and back) dimensions, using formulas provided by Winter (1979) . Accordingly, the raw data for this study are the changes in the center of pressure on top of the force plate, or postural sway, in anterior-posterior (AP) and lateral dimensions, along with the voltages produced by the room movement potentiometer.
Conditions and procedure. This experiment contained four movement conditions in which the room oscillated back and forth at frequencies of 0.2 Hz, 0.4 Hz, 0.6 Hz, and 0.8 Hz. A fifth (no movement) condition was included consisting of trials in which children stood on the force platform without any movement of the walls. This no-movement condition provided a control measure, assessing natural sway without any oscillating visual information. All children received two blocked repetitions of these conditions, producing a total of 10 trials. Within each block of trials, the five conditions were presented in random order, with the sole constraint that the first trial of the first block was always a no-movement control trial. This was done to familiarize children with the room and experimental procedure without the added complication of a moving surround.
During this experiment children stood on the force platform inside the moving room, fixating a small rabbit sticker placed on the back wall of the room. Children were induced to stand still by playing the "statue game," consisting of a contest between the child and the experimenter on who could stand still the longest; all children were ultimately victorious in this game. All children stood on the platform without shoes or socks, with their feet approximately shoulder width apart.
Once the child was standing still facing the back wall, an experimenter siring behind the child began the trial by moving the room back and forth manually by pushing and pulling one of the room supports. In order to refiably produce the different speeds of movement for each trial, the experimenter heard, over headphones, a click track corresponding to the intended speed of movement. These click tracks consisted of alternating high-and lowfrequency tones, and presented a signal every half cycle of room movement. Room oscillations were approximately 10 to 12 cm in amplitude and lasted 15 s. If the child moved his or her feet or staggered, the trial was rerun. The entire experimental session took approximately 15 to 20 rain. After completing the experimental trials, the child's standing height, sitting height, and body weight were measured.
Results
Analyses of postural sway focused on the frequency content of the postural response, the ampfitude of the postural response, and the amount of time occurring between the visual information for movement and the child's postural reaction. Because room oscillations were forward and backward, directionally appropriate postural compensation would occur in the AP axis of body orientation; accordingly, analyses focused exclusively on AP postural sway.
Frequency of postural sway. AP sway data and the record of the room oscillation were preprocessed as follows. First, the mean was subtracted from each signal, resulting in a series varying around zero and removing what is known as dc-bias. Second, linear trends were removed from both AP sway and visual information for oscillation data; removing trend is important because the presence of a linear trend can bias the estimate of the frequency content toward low frequencies. Third, both sets of data were passed through a Hamming window, which weights the data at the beginning and end of the sequence less than the data in the middle. Windowing the data is important because it reduces biases arising from discrete sampling of a (presumably) continuous signal. Finally, because Hamming windows return sequences having nonzero means, the mean was again subtracted from the signal.
After preprocessing, AP sway and visual information for oscillation data were examined using Power Spectral Density (PSD) analyses. Essentially, PSD analyses convert information from the time domain into the frequency domain by means of a Fourier transform. The power of each of the resultant sinusoidal components can then be divided by the total variance of the power spectrum, providing a measure of the proportion of variance accounted for by each frequency component (Jenkins & Watts, 1968) , or an estimate of the normalized strength of each frequency component.
These proportions of variance of the child's postural sway can then be examined. Specifically, the percent variance of the child's sway for frequency components of 0.2, 0.4, 0.6, and 0.8 Hz were calculated for each of the movement and no-movement trials, and these variances were compared as a function of the frequency of oscillation for that trial.
Figure 1 displays a sample record of the room movement and the child's AP sway before and after data preprocessing, and the resulting PSD functions produced by analyzing these two series. Two effects are evident in Figure 1 . First, the experimenter easily produced the intended frequency of oscillation, with the PSD analysis of this room movement showing a sharp spike at the intended frequency of oscillation. 2 Second, the PSD analysis of the child's AP sway similarly shows a sharp peak at the frequency of room movement. This result indicates that, at least in this trial, the child swayed at a frequency matching the visual information. Subsequent analyses provided quantitative support for these descriptive results.
For each of the room movement trials, the percent variance accounted for by frequencies of 0.2, 0.4, 0.6, and 0.8 Hz for the child's AP sway were compared using a threeway, within-subjects analysis of variance (ANOVA), with visual frequency (0.2, 0.4, 0.6, and 0.8 Hz), postural sway frequency (0.2, 0.4, 0.6, and 0.8 Hz), and trial (Trial 1 vs. Trial 2) as variables. There was a significant main effect for postural sway frequency, F(3, 63) = 5.87, p < .01, demonstrating that there was greater power for low-frequency components of postural sway relative to high-frequency components. Such a result is common in the postural sway of standing children and adults (Ashmead & McCarty, 1991; Bensel & Dzendolet, 1968; Riach & Hayes, 1987) , although the postural sway of younger children (e.g., 2 years old) is also characterized by a (relatively) greater amount of sway at high frequencies (Riach & Hayes, 1987) . The primary, and most intriguing, result of this analysis was the significant interaction between visual frequency and postural sway frequency, F(9, 189) = 24.24, p < .001. This interaction, shown in Figure 2 , indicates that the frequency content of AP sway was dramatically influenced by the room movement with children swaying at the same speed as the visual information for oscillation. None of the other effects reached significance.
Also shown in Figure 2 are the percent variances for frequencies of 0.2, 0.4, 0.6, and 0.8 H_z for the control trials in which the room did not move. These variances were compared with their corresponding frequency components for each of the visual frequencies in a series of one-way ANOVAs, using Bonferroni corrections for multiple comparisons. These analyses revealed that for a given frequency of room oscillation (e.g., 0.4 Hz) the frequency component of children's postural sway at that same frequency accounted for significantly more variance than the same frequency when the room was not moving (all ps < .05). In contrast, there were no significant differences for the percent variances of the remaining frequencies (e.g., 0.2, 0.6, and 0.8 Hz) between the moving and nonmoving control trials. Accordingly, visual information for oscillation selectively influenced children's postural sway, increasing sway for a specific frequency only.
Amplitude ofpostural sway. The second analysis examined the amplitude of postural responses. Postural sway amplitude was quantified by calculating the standard deviation of AP sway around the center of pressure; this measure has been used in previous studies of postural sway (Delorme et al., 1989) and indexes the amount of movement in the AP axis. ~ Because one is interested in the actual amount of movement involved in posmral sway, as measured by distance traveled on the force platform, prepro-3 A different procedure for quantifying the amplitude of postural sway, used by Ashmead and McCarty (1991) , involves summing the total amount of power produced by a Fourier transform. This procedure was applied to the data of this study and produced equivalent results to those described in the text. Because it is both computationally and conceptually easier, the standard deviation measure is used throughout this article. cessing the data (e.g., windowing, removing linear trend) is not appropriate.
For each of the moving trials, the standard deviation of AP sway was calculated and examined in a two-way ANOVA with visual frequency and trial as variables. This ANOVA revealed significant main effects for visual frequency, F(3, 64) = 6.60, p < .005, with increasing amplitudes as a function of increasing frequency, and trial, F(1, 21) = 31.02, p < .001, with amplitudes for Trial 1 greater than Trial 2. The two-way interaction was also significant, F(3, 63) = 3.71,p < .05, and is shown graphically in Figure  3 . For the first trial data, there was an inverted O-shape pattern, with the amplitude of postural sway peaking at a frequency of 0.6 Hz. In contrast, there was little difference in the amplitude of postural sway as a function of frequency for the second trial data. Single degree of freedom polynomial contrasts revealed a significant linear trend as a function of increasing frequency, F(1, 21) = 5.76, p < .05, and a significant quadratic trend, F(1, 21) = 13.55, p < .001. Moreover, there was a significant Visual Frequency × Trial interaction for the quadratic trend, F(1, 21) = 15.11, p < .001, but not for the linear trend, suggesting that the quadratic trend characterized only the amplitudes of the fast trials, whereas the increasing linear trend characterized both first and second trials.
Also shown in Figure 3 are the amplitudes of AP sway for the two no-movement trials. A one-way ANOVA on these standard deviations indicated that postural sway amplitudes with no visual information for movement did not vary as a function of repeated trial, F(1, 21) = 1.51, ns. Subsequent one-way ANOVAs (averaging over trial repetition) revealed that postural sway amplitudes were greater for movement trials relative to no-movement trials for every frequency of oscillation (all ps < .005). Accordingly (and not surprisingly), visual information specifying a loss of postural stability induced significant increases in postural sway relative to quiescent standing.
Timing of postural sway. The timing relationship between visual information and postural response was examined using cross-correlation techniques. A cross-correlation reflects the predictability of one signal from a second signal, and yields a function representing the correlation between the two signals at increasingly diverse points in lime. Crosscorrelation analyses were performed on the entire data series as a whole, with the data preprocessed by removing the mean and linear trend. Hamming windows, which differentially weight the elements in the data series, are not necessary for this analysis.
Cross-correlation analyses provide two measures of potential interest. The first is the maximum correlation between postural sway and visual information for oscillation, with a high correlation indicating a strong temporal relationship between the two. The second is the time or lag at which this maximum correlation occurs. Lags represent a measure of the time between visual information and postural response.
Although cross-correlations were calculated for the data in its entirety, examination of the resulting cross-correlation functions produced by this analysis were constrained in the following ways. First, because previous research suggested that postural reactions to a moving room are virtually always directionally appropriate (e.g., in the same direction as room movemen0, only those cross-correlations indicative of a directionally appropriate response (correlations indicating that the child and room moved in the same direction) are of interest. 4 Directionally appropriate correlations represent roughly 50% of the correlations produced by the crosscorrelation analysis. Second, only those correlations suggesting that the child's postural response occurred either synchronous with or subsequent to movement of the surround were examined, based on the assumption that children in this study were not clairvoyant and thus unable to anticipate the speed or direction of movement before the start of the trial. Finally, maximum correlations and lag values were examined only out to a single cycle from perfect synchrony, based on the idea that a postural response lagging more than one cycle after room movement is logically and empirically indistinguishable from the same lag within a cycle; this assumption has been used previously (Bai, 1991) . As such, the cross-correlation functions for the 0.2, 0.4, 0.6, and 0.8 Hz conditions were examined for lags up to 5.0, 2.5, 1.67, and 1.25 s, respectively.
For all moving trials, the potentiometer record of the visual information for movement was cross-correlated with the child's postural response, and the maximum directionally appropriate correlation, as well as the lag of this correlation, were noted. Because cross-correlations require both movement of the room and postural sway, they obviously cannot be meaningfully calculated for the control trials in which there was no movement. A two-way ANOVA on these maximum correlations, with visual frequency and trials as variables, failed to reveal any significant main effects or interactions; these correlations are shown in Figure 4 . To determine whether there were any significant relations between visual information and body sway, t tests were conducted on the four speeds of movement, comparing these correlations to zero. These analyses revealed that the mean correlations for each of the speeds of movement differed significantly from zero (all ps < .001). Accordingly, although there was a significant relationship between room movement and postural sway, the strength of this relationship did not vary as a function of the frequency of oscillation or across repeated trials.
In keeping with earlier research (Bai, 1991) , lags were normalized to reflect their proportion of time within a single cycle rather than absolute time by dividing the lags by the total time for a single cycle. A two-way ANOVA, with 4 Because the room movements and postural responses in this study were essentially cyclical, it is ultimately impossible to determine whether postural responses were directionaUy appropriate or inappropriate. To demonstrate that compensatory postural sway is directionally appropriate requires using single, unidirectional room movements in which one can observe whether the subsequent postural response is in the same direction (directionally appropriate) or the opposite direction (directionally inappropriate) to room movements. The use of cyclical signals produces movement in both directions by the room and the person, rendering it impossible to assess this relationship. Statistical comparisons of the directionally appropriate versus inappropriate correlations produced by the cross-correlation analysis do not resolve this issue. Because both signals are cyclical they can ultimately be compared in 0 ° in-phase (directionaUy appropriate) or 180 ° out-of-phase (directionally inappropriate). If these signals have a strong relationship when in-phase, they would also be strongly related when 180 ° out-of-phase, producing essentially equivalent correlations. The justification for examining only the directionally appropriate correlations, then, is based on the a priori assumption that children are actually responding directionally appropriately. That is, by far, the most common occurrence in work examining the visual control of posture using a moving room (Bertenthal & Bai, 1988 , 1989 Butterworth & Cichetti, 1978; Butterworth & Hicks, 1977; Lee & Aronson, 1974; Lee & Lishman, 1975; Lishman & lee, 1973; Schrnuclder & Gibson, 1989; Stoffregen et al., 1987) .
across the different frequencies of movement. For this analysis, frequency, amplitude, and timing variables were correlated with the frequency of oscillation. Changes in these measures as a function of frequency are then indexed by the correlation coefficient and the slope of the regression equation. These correlations and slopes can then be compared to age and body size. The results of these comparisons appear in Table 1 , along with the means and standard deviations for age and body size variables. Table 1 presents a consistent, if somewhat surprising, pattern of results, in that the correlations aggregated across the different frequencies of movement demonstrate that increasing age and body measures were generally associated with an increase in children's postural response (with the exception of predictions of the normalized lag values). 5 A similar pattern emerges for the analyses of changes in AP sway as a function of frequency. Globally, these results indicate that as children get older, they show an increase in postural response as the speed of oscillation increases. This result is dramatic, given that adults' postural reactions drop off with increasing frequency of oscillation. Accordingly, one might have expected the opposite relationship in this study, with dependent measures negatively associated with the speed of movement, with this relationship becoming stronger with age. visual frequency and trials as variables, revealed a significant main effect for visual frequency, F(3, 63) = 43.67, p < .001, but no effect for trial, F(1, 21) = 0.12, ns, and no interaction between the two, F(3, 63) = 0.37, ns. Normalized lags also appear in Figure 4 and demonstrate a general increase in response time, relative to the total time of oscillation, with increasing frequency of oscillation. This finding concurs with investigations of adults (van Asten et al., 1988) , but it conflicts with research on infants (Bai, 1991) .
Age and body size analyses. The frequency, timing, and amplitude components of postural sway were examined with reference to age and experience as well as anthropomorphic body size parameters. The variables examined included age, standing height, leg length (operationally defined as standing height minus sitting height; Mark, 1987; Warren, 1984) , and weight, and were assessed in two ways. First, to determine whether these parameters affected postural control regardless of the specific speed of movement, frequency, amplitude, and timing data were aggregated across the various frequencies of oscillation and correlated with age and body size measures. Second, age and body size were compared to changes in children's postural response
Discussion
The primary finding of this study is that children between 3 and 5 years of age respond posturally to visual information for oscillation across a range of frequencies. At one extreme, children were exposed to visual information for movement at the relatively slow speed of 0.2 Hz (5 s per cycle); at the other extreme the speed of movement was 0.8 Hz (1.25 s per cycle). In all cases children responded posturally to these movements, swaying back and forth at a frequency comparable to the visual information.
This finding concurs with previous developmental investigations (Bai, 1991; Bertenthal et al., in press; Delorme et al., 1989) , and extends these earlier results in two ways. First, these results demonstrate that the response to visual information for high-frequency oscillations observed in earlier work was not due to participants in these studies receiving external support for balance. Second, this study explored a wider range of frequencies of movement than previous investigations, and the study provided compelling evidence that all of these speeds induced compensatory postural sway. As such, the fact that previous developmental studies had not found a drop-off in the postural response 5 Given the specific make-up of the experimental apparatus, directionally appropriate correlations were actually negative. Thus, a negative correlation between the directionally appropriate crosscorrelation values and the age and body measures indicates that increases in one variable are associated with increases in the second measure. to information for high-frequency oscillations cannot be attributed to this earlier work simply not testing a wide enough frequency range. It seems likely that if tested with even faster speeds, children will eventually stop responding posturally to such information. What this upper limit is, as well as what determines this upper limit, is a subject for future research.
The analyses on postural sway amplitude also provide some interesting results. First, replicating earlier findings (Bal, 1991; Bertenthal et al., in press; Lestienne et al., 1977) , the amplitude of sway increased with increasing frequency of oscillation. Second, and more intriguing, there was evidence of reduced sway amplitudes for the second trial at a given frequency, relative to the first trial. This finding suggests some form of postural adaptation or attenuation on repeated exposure, a result that has been observed in earlier research (Bertenthal & Bai, 1988; Clement et al., 1982) .
Finally, the results on timing demonstrated that the time lag between movement of the surround and the child's subsequent postural reaction increased as the frequency of the room movement increased. This result converges with similar work with adults (e.g., van Asten et al., 1988) , although it does diverge from analogous developmental investigations (e.g., Bal, 1991) . In terms of the timing of their postural reactions, 3-to 5-year-old children are adultlike in their postural response. The implications of this global pattern of findings are addressed in the General Discussion.
Experiment 2: Changing Frequency Within a Trial
Experiment 1 demonstrated that children respond to visual information for movement that falls to induce a postural reaction in adults. The current experiment expanded these explorations by examining children's ability to modulate their postural response when the frequency of the visual information for movement varied during the course of a trial. Specifically, in this study two frequencies of oscillation occurred sequentially, with postural sway in response to these frequencies again the primary measure of interest.
Presenting children with visual information for oscillation in which the frequency changes in the middle of a trial raises many issues. Most basic, this manipulation looks at the flexibility of the child's postural control. Simply put, will children modify their postural sway, such that the frequency content of AP sway will match both speeds of visual movement? Although we know that children do modulate their postural response to large, abrupt transitions (e.g., going from no visual information for movement to visual information for movement), it is unclear whether smaller, more subtle transitions will similarly be reflected in postural sway. One possibility, for example, is that once sway in response to visual information for movement has begun, children get locked into sway at this frequency and modify their postural sway only with difficulty. Even if children do modulate their postural sway, questions conceming the timing characteristics of such modifications are of interest. Do children, for example, respond as quickly to the second speed of movement as they did to the fwst speed? Is the time lag between visual information and postural sway similarly modifiable, changing in response to the second speed of movement, or is the time lag constant, with observers responding at a given lag that they are unable to change?
This experiment also extends the findings of Experiment I related to the adaptation of postural responses, looking at two models for this postural adaptation. One candidate mechanism assumes that the decrease in postural sway amplitude results from habituation of the postural response. In this case, habituation is considered in a classic, neurophysiological sense (e.g., Thompson & Spencer, 1966) , in which a decrease in response is associated with repeated exposure to a stimulus. Along these lines, habituation has been found for stimuli ranging from simple startle reflexes to orienting behavior to attention toward visual displays (see Bornstein, 1985, and Thompson & Spencer, 1966 , for discussions). A contrasting explanation for the decrease in amplitude of posmral sway involves a form of skill acquisition (Anderson, 1983 (Anderson, , 1985 Fitts & Posner, 1967) . In this case, extended exposure to visual information allows observers to become better at resolving conflicting input information (e.g., visual vs. klnaesthetic) for balance, thereby decreasing the strength of the postural response over time.
These explanations make different predictions concerrnng the postural response to different speeds of oscillation in quick succession. According to the habituation account, a second speed of movement will cause dishabituation, resulting in an increased amplitude of postural sway relative to the amplitude for the initial speed; dishabituation is a hallmark characteristic of habituated responses (Thompson & Spencer, 1966) . According to the skill acquisition account, observers are generally improving controlling their balance in response to visual information for movement. Accordingly, there should be a continued drop in the amplitude of postural responses for the second speed of movement, relative to the fwst, and potentially a drop in the amplitude of postural sway across successive trials.
Method
Participants. The final sample consisted of 22 children (10 boys) with a mean age of 53.4 months (range from 38.5 to 73.6 months). The age range for this study was expanded relative to Experiment 1, to increase the probability of observing age and body size trends in postural reactions. Eight other children initially began this experiment, but their data were not used because they refused to complete this study (7) or because of an experimenter error (1). An additional 3 children refused to participate due to shyness. All children were drawn from the Scarborough, Ontario, Canada, community, and received a toy and certificate as compensation for their participation.
Apparatus. The moving room used previously was modified by adding an additional 1 ft (30.5 cm) to its height. All other aspects were the same as in Experiment 1.
Conditions and procedure.
Each trial consisted of 20-s trials of room movement, made up of two speeds of oscillation presented sequentially. During each trial the experimenter heard a click track corresponding to the initial speed of oscillation. After approximately I0 s, a second experimenter switched the click track to the second speed of movement while noting the time of this change by pressing a key on the computer. All possible combinations of the four speeds of Experiment 1 were presented, producing 12 trials in all. These 12 trials were run in a different random order for each child.
The procedure for this study paralleled that of Experiment 1. All children stood on top of the force platform, fixating the back wall. The experimenter sitting behind the child produced all room movements by pushing and pulling the room, with oscillations again approximately 10 to 12 cm in distance. After completing 12 trials, various body size parameters (i.e., standing and sitting height, weight) were taken. The entire experimental session took about 20-30 rain.
Data reduction. Before beginning formal data analysis, it was necessary to divide both the record of the room movement and the child's AP sway into separate data sets, representing the different frequencies of movement presented during the trial. Although the time at which the experimenter was signaled to begin the second speed of oscillation was recorded by a keypress on the computer, because the room was moved manually there will necessarily be a transition interval between the point at which the experimenter was signaled to begin the second speed and the actual time at which this new frequency began. The length of the transition interval is of tangential interest in assessing the experimenter's reaction time to produce the second speed of movement once signaled to do so.
To determine the point at which the second frequency of move-
ment was reliably present (what is called the transition point), I
analyzed a subset of the record of the room movement, equivalent to the length of a single cycle for the second frequency, using a PSD analysis. This single cycle window was then shifted temporally, and the new sample was similarly analyzed. This entire process was conducted for samples beginning at 8 s into the trial to samples beginning at 13 s into the trial, in 50-ms steps. Thus, if the second frequency on a given trial was to be 0.2 Hz, a 5,000-ms (5-s) sample of the recorded room movement, beginning at 8,000 ms (8 s) was analyzed. Then, a 5,000-ms sample beginning at 8,050 ms was extracted, and so on. Estimation of the transition point was then done by locating the first local maximum for the second frequency occurring at or after the computer keypress. 6 Subsequent to these calculations, AP sway data were divided into separate groups reflecting responses to the first and second speeds of oscillation. For the amplitude and timing of postural responses, this division used the estimated transition point. In contrast, because the frequency content analyses collapse across time, transforming the time dimension into the frequency domain, the inclusion of a small amount of transitional information will simply add noise to the Fourier analysis without masking the dominant frequency components of this signal. As such, it is ultimately unimportant whether the keypress time or the estimated transition point is used for this division. However, equating the 6 Along with being necessary for subsequent analyses, the time between the keypress and the transition point is itself of interest. An ANOVA examining these intervals as a function of the frequency of oscillation revealed a significant effect of speed, F(3, 45) = 17.14, p < .001, with frequencies of 0.2, 0.4, 0.6, and 0.8 Hz having transition intervals of approximately 1,187 ms, 593 ms, 433 ms, and 508 ms, respectively. With the exception of the 0.8 Hz frequency, these transition intervals are approximately one fourth of the length of a single cycle of movement, an interval making intuitive sense, given that the synchronizing click track presented a tone every one half cycle. number of samples in the two data sets does simplify comparisons of the frequency components of the PSD function. Because equating the number of samples was more easily accomplished using the keypress time, the frequency analyses used data sets divided on the basis of the computer marker.
Results
Frequency of postural sway. The frequency content of AP sway and the record of the room movement were examined as a function of the speed of visual oscillation. After data preprocessing (see Experiment 1), PSD analyses broke down both data sets into their frequency components, and the percent variance of these frequency components was calculated; these analyses were conducted separately for the In'st and second speeds of oscillation. Figure 5 displays sample data for the room movement and the child's AP sway for the entire trial, the first and second halves of the trial individually, and the subsequent PSD analyses. 7 The percent variance accounted for by frequencies of 0.2, 0.4, 0.6, and 0.8 Hz was examined in a three-way ANOVA, with visual frequency (0.2, 0.4, 0.6, and 0.8 Hz), postural sway frequency (0.2, 0.4, 0.6, and 0.8 Hz), and order of occurrence (first vs. second speed of movement) as variables. This analysis revealed significant main effects for visual frequency, F(3, 63) = 7.22, p = .001, and postural sway frequency, F(3, 63) = 29.97, p < .001. The first result suggests that faster frequencies of movement produced less postural sway than slower speeds, whereas the second result demonstrates increased power at low-frequency components of postural sway, relative to high-frequency components (Ashmead & McCarty, 1991; Bensel & Dzendolet, 1968; Riaeh & Hayes, 1987) . Replicating Experiment 1 was the significant interaction between visual frequency and posmral sway frequency, F(9, 189) = 39.25, p < .001. This interaction, shown in Figure 6 , demonstrates that the frequency content of children's postural sway varied as a function of the frequency of the oscillating visual information, with children swaying at a speed comparable to the speed of movement. The two-way interaction between visual frequency and order of occurrence was significant, F(3, 63) = 3.59, p < .05, as was the interaction between postural sway and order of occurrence, F(3, 63) = 4.24, p < .01. The three-way interaction was not significant, F(9, 189) =
1.07, ns.
Subsequent analyses examined the frequency of the postural response as a function of whether the second speed of movement involved an increase in frequency relative to the first, (e.g., moving from 0.2 to 0.4 Hz) or a decrease in frequency (e.g., 0.4 to 0.2 Hz), using the percent variance of the frequency component matching the visual information for movement. A one-way ANOVA revealed a significant effect for the direction of the change, with variances for trials in which the second frequency of oscillation involved a decrease in speed (M = 23%) exceeding variances for trials in which the second frequency of oscillation represented an increase in speed (M = 16%), F(1, 21) = 14.77, p < .005. Thus, moving from a fast to a slow speed induced a stronger postural response than moving from a slow to a fast speed.
Amplitude of postural sway. Similar to Experiment 1, postural sway amplitude was quantified by calculating the standard deviations for the unpreprocessed AP sway data; these standard deviations were then compared in a two-way ANOVA with visual frequency (0.2, 0.4, 0.6, or 0.8 Hz) and order of occurrence (first vs. second speed of movement) as variables. This analysis revealed a significant increase in amplitude for the second frequency in the trial relative to the first, F(1, 21) = 5.01, p < .05. There was no effect of visual frequency, F(3, 63) = 1.75, ns, and no interaction between the two, F(3, 63) = 0.29, ns. The postural sway amplitudes, as a function of both factors, are shown in Figure 7 . A subsidiary analysis examined amplitude as a factor of increasing trial (e.g., Trial 1, Trial 2 .... Trial 12) and first versus second speed of movement. This two-way ANOVA reproduced the main effect for first versus second speeds of movement just described, but failed to reveal an effect of increasing trial, F(ll, 231) = 0.36, ns, or an interaction between these factors, F(ll, 231) = 0.99, ns. Finally, a one-way ANOVA exploring AP sway amplitudes as a function of whether the second speed involved an increase or decrease in speed failed to reveal differences as a function of this variable, F(1, 21) = 0.42, ns.
Timing ofpostural sway. After data preprocessing (see Experiment 1) the room movement data were crosscorrelated with the child's postural sway. Again, the primary measures were the maximum directionaUy appropriate correlation between visual information and postural sway, as well as the lag at which this correlation occurred. A two-way ANOVA with visual frequency and order of occurrence as variables for the maximum correlations revealed main effects for both visual frequency, F(3, 63) = 6.05, p < .005, and for order of occurrence, F(1, 21) = 16.10, p < .005, as well as a significant interaction between the factors, F(3, 63) = 5.48, p < .005. Figure 8 displays this interaction, and demonstrates that there were no differences in the correlation between visual information and body sway for the first speed of movement; this result replicates Experiment 1. For the second speed of movement, there existed a stronger correlation between visual information and sway, relative to the first speed of movement, with the strongest visual-motor relationship observed for frequencies of 0.4 Hz. Finally, the maximum correlations for the first and second speeds of movement were themselves correlated, aggregating across participants and frequency of oscillation. These correlations were positively related, r = 0.25, p < .01, indicating that trials in which visual information and body sway were strongly related for the first frequency of 7 As in Experiment 1, the PSD analyses for the record of the room oscillations were examined with reference to the intended versus produced frequency of oscillation. Out of 528 trials (22 participants x 12 trials × 2 speeds per trial), in 97% (514) of these trials the intended frequency accounted for the most variance in the power spectrum. In 12 of the 14 remaining cases, the intended frequency accounted for more than 30%, and 40% in 7 of the cases. Frequency (hz) Figure 5 . Data for a trial in Experiment 2 in which the room was oscillated at 0.4 Hz and then at 0.8 Hz. The top graphs display the raw recording of the room movement (left) and the child's anterior-posterior (AP) sway (fight) for the entire trial; the middle graphs display these same two series divided into first and second halves; the bottom graphs present the results of the power spectral density analyses on these series.
oscillation were also strongly related for the second frequency. Normalized lags were also compared in a two-way ANOVA, using the variables described in the preceding analyses. This analysis produced only a main effect for visual frequency, F(3, 63) = 10.17, p < .001. Neither order of occurrence, F(1, 21) = 2.29, ns, nor the interaction between the two, F(3, 63) = 1.12, ns, was significant. Normalized lags are also shown in Figure 8 . Partially replicating Experiment 1, there was an increase in response time for frequencies between 0.4 and 0.8 Hz. Interestingly, the increased lag at 0.2 Hz does concur with Bal's (1991) findings of greater lags associated with slower (e.g., 0.3 Hz) relative to faster frequencies (0.6 Hz). A correlation between the normalized lag values for the first and second speed of movement failed to reveal any relationship between these lags (r = 0.00), a result fitting with the previous ANOVA.
Finally, two one-way ANOVAs examined these timing measures as a function of the direction of change in the speed for the second frequency of movement. For the maximum directionally appropriate correlation there was a stronger relationship between visual information and postural sway on trials in which the second frequency was slower than the f'wst, relative to trials containing an increase in speed, F(1, 21) = 12.36, p = .005. There was no. difference in the normalized lag value as a function of the direction of change in the speed of movement, F(1, 21) = 2.21, ns.
Age and body size analyses. Once again, the effects of visual information on postural control were examined as a function of age and anthropomorphic body measures. Descriptive statistics for these variables, as well as the results of these comparisons appear in Table 1 . Few of the age and body measures were related to the components of postural sway, for either aggregated responses or the assessment of change in these measures as a function of the differing frequencies.
Discussion
The most intriguing result of this experiment was the increase in sway amplitude for a second speed of movement, relative to an initial speed. Of the two hypotheses outlined earlier, this increase in amplitude is most in keeping with habituation of postural responses over time and exposure. Habituation is also implicated by the fact that there was no change in posmral sway amplitude with subsequent trials throughout the experimental session. This result suggests that the continual change in frequency across trials had a general dishabituating influence, preventing habituation over the course of the experiment, s Finally, postural habituation is supported by the finding of a stronger cross-correlation for the second speed of movement, relative to the first. Again, dishabituation of an adapted postural response might produce a stronger visual-motor response, which would then be reflected in higher correlations between visual movement and body sway. More global implications of these habituation findings are reserved for the general discussion.
A second noteworthy finding in this study is that changing the frequency of oscillation of the surround had little impact on the time lag between visual movement and body s One might be concerned that the increase in postural sway amplitude observed for the second frequencies of oscillation resulted from spontaneous recovery of the habituated response, rather than dishabituation per se. Unfortunately, because there were no "no-change" control trials (e.g., trials in which the frequency of oscillation did not vary across the length of the trial), it is not ultimately possible to assess such effects. However, given that Experiment 1 evidenced retention of habituation across subsequent blocks of trials (a significantly longer time scale than Experiment 2), and no spontaneous recovery occurred in this situation, it seems unlikely that this factor played a critical role in the current study. Nevertheless, spontaneous recovery of a habituated postural response could and should be the focus of future work, given that it is one of the hallmark characteristics of habituation (Thompson & Spencer, 1966) . sway. Although essentially a null result, this finding does suggest that the lag between movement and postural response is a function of the speed of movement of the driving visual information, and that an initial speed does not "lock" the child into a specific temporal relationship between visual information and body sway. The fact that lags did not vary as a function of first versus second speeds of movement, along with the finding that the lags within a single trial were unrelated, further supports this idea, and generally implies that children modulate body sway "on-line" in response to fairly subtle changes in the environment.
Finally, there was evidence that the direction of the change of speed of oscillation (increase vs. decrease) affected postural sway. For both the frequency of sway and the maximum cross-correlation value, a decrease in the frequency of oscillation (e.g., from 0.6 Hz to 0.4 Hz) produced a larger response than an increase (e.g., from 0.2 Hz to 0.6 Hz). Both measures index the strength of perception-action coupling, suggesting that such changes have their primary impact on visual-motor integration. Why there was such an asymmetry, and why this specific direction of the asymmetry (e.g., decrease to increase) occurred is, unfortunately, not clear. One possibility is that it might be biomechanically easier to slow down one's speed of postural sway, relative to speeding up sway; thus, decreases in the frequency of visual information for oscillation are more easily accommodated.
One interpretation of these results is that the balance control of 3-to 6-year-old children is a combination of both adultlike and nonadultlike postural responding. In terms of nonadultlike responding, children responded to a wide range of frequencies of oscillation, from a slow speed of 5.0 s (0.2 Hz) for a single cycle to a fast speed of 1.25 s (0.8 Hz) to complete a cycle; such results have been observed in developmental work (Bai, 1991; Bertenthal et al., in press; Delorme et al., 1989) , but not in work with adults (Lestienne et al., 1977; Stoffregen, 1986; van Asten et al., 1988) . Children in these studies did, however, exhibit adulflike balance control in the timing of postural reactions, demonstrating an increasing time lag between visual information for oscillation and postural response with increasing frequencies. As discussed earlier, this mixture of adulflike and nonadultlike responding could represent a transitional state in development. In this case, the overall skill of a complex motor task (i.e., visual control of posture) is the sum of the combined skill across different component abilities for this task. Such speculation is consistent with previous developmental research (Ashmead & McCarty, 1991; Riach & Hayes, 1987; Shumway-Cooke & Woollacott, 1985) , and theoretical systems analyses (Sameroff, 1983; Thelen, 1986 Thelen, , 1988 Thelen & Smith, 1993) .
This mixed developmental pattern also implies that, along with being dissociable on an empirical basis, frequency, amplitude, and timing components of postural responses are similarly differentiated in their developmental trajectories. This possibility has been noted previously (Sveistrup & Woollacott, 1993; Woollacott & Sveistrup, 1994 ) and although not explicitly investigated does have some empirical support. Shumway-Cooke and Woollacott (1985) , for example, observed that the onset, timing, and force relationships of the response of 4-to 6-year-old children to platform perturbations were markedly different from those of young infants and from older children and adults. These same children, however, displayed an aduItlike pattern of responding to the presence of incongruent sensory inputs for balance, or the use of multimodal information for maintaining posture. In a similar vein, it has been noted (Ashmead & McCarty, 1991; Odenrick, Sandstedt, & Lennerstrand, 1984) that for children between 2 and 5 years, the absence of visual information fails to increase postural instability, whereas for adults it does increase postural sway (Dichgans, Maufitz, Allure, & Brandt, 1976; van Parys & Njiokiktjien, 1976) . Interestingly, however, the frequency composition of the sway of young children in these situations is similar to that of adults (Riach & Hayes, 1987) .
These studies provide compelling evidence for habituation of postural responses over time or repeated exposure, or both, and raise a number of issues concerning postural habituation. One question arises from the observation that habituation in both studies occurred fairly quickly. In Experiment 1, habituation was observed subsequent to a 15-s trial, whereas Experiment 2 used 10-s stimuli. Such results highlight issues concerning the length of time required to produce habituation. Although a complete review of the habituation literature is outside the scope of this article (see Bornstein, 1985; Siddle, 1983; or Tighe & Leaton, 1976 , for reviews), both developmental and animal-physiological work suggests that the trial lengths used in the current studies (10 to 15 s) can induce habituation. For example, some animal-neurophysiological research has found habituation subsequent to discrete, very short stimuli (e.g., 100-ms nerve shocks, or 50-ms tone bursts; Leaton & Tighe, 1976) ; relative to this work, 10-to 15-s trials seem an exceptionally long stimuli. In the developmental literature, stimulus lengths range anywhere from 10 s upward (Cohen, 1976) ; on this basis, 10-to 15-s trials are relatively short stimuli, although still well within the normal range.
Even if trial lengths in these experiments were considered short, this does not seriously weaken the current findings. Development work on individual differences in habituation (e.g., Bornstein, 1985; Bornstein & Benalsch, 1986; I)eLoacbe, 1976; McCall, 1979; McCall & Kagan, 1970) has observed that infant habituation can be characterized by a small number of typical patterns, with one common pattern (Bornstein, 1985; Bornstein & Benaisch, 1986 ) involving a steep, negative exponential drop in attention to a stimulus beginning with the first exposure. This negative exponential drop is, in fact, a characteristic pattern of habituation (Leaton & Tighe, 1976; Thompson & Spencer, 1966) . Because this pattern implies that habituation to a stimulus begins virtually immediately, it is possible that children in these studies were, at worst, only partially habituated after 10 or 15 s; accordingly, the current studies provide a conservative test of postural habituation. An interesting direction for future work would involve experimentally manipulating the length of time of presentation of the habituating stimulus and assessing the impact of such variation on postural control. A second issue related to habituation has to do with the retention of the habituated response. Experiment 1 demonstrated habituation via a decrease in postural sway across temporally separate blocks of trials. Parenthetically, this result, though less common in the developmental literature, is exactly what has been observed in earlier studies of postural habituation (Bertenthal & Bai, 1988; Clement et al., 1982) . In a design more typical of infant habituation work, Experiment 2 observed increased response (e.~., dishabituation) to a second, novel stimulus subsequent to an initial stimulus. Thus, although the results of Experiment 2 do not speak directly to the issue of the length of the retention interval for habituation, Experiment 1 does demonstrate relatively long-term retention of a habituated response. Interestingly, such findings are not unknown in habituation research, particularly in animalneurophysiological work. This work has found a wide array of retention intervals for habituation, ranging up to days or weeks in many species, including humans (Leaton & Tighe, 1976) , with the exact length of the retention interval depending on factors such as the type and intensity of the habituating stimulus. As with the length of time needed for habituation, it would be interesting to manipulate retention interval in future studies, looking at how long postural habituation lasts, and the characteristics of its spontaneous recovery (Leaton & Tighe, 1976; Thompson & Spencer, 1966) .
A variety of other issues should be explored with reference to postural habituation. One topic of interest for future work is the nature of the stimulus generalization associated with the habituated response. Again, stimulus generalization is a classic characteristic of habituation (Thompson & Spencer, 1966 ). In the current situation, assuming that postural sway has become habituated to a given frequency, to what other frequencies does this habituated response generalize? In a different vein, the structure of the visual information for motion (e.g., linear vs. roll vection) that produces postural habituation may also be a fruitful line of investigation. For example, Clement et al. (1982) found that postural habituation occurred to roll motion but not to linear vection, whereas these studies, as well as Bertenthal and Bai (1988) , observed habituation to linear movement produced by a moving room.
One consistent finding in the current studies is that children, in contrast to the findings of other researchers investigating adults, swayed in reaction to all speeds of visual information for movement. One (speculative) explanation for this developmental difference is that children differ from adults in their sensitivity to the motion information produced by the oscillation of the moving room. This differential sensitivity could have to do with global optical flow, or to a specific aspect of this visual motion. A good candidate in this regard might be the motion information available in the retinal periphery, having a lamellar flow structure; previous adult and developmental studies have highlighted the importance of such information for the visual control of stance (Bertenthal & Bai, 1988 , 1989 Brandt, Dichgans, & Koenig, 1973; Stoffregen, 1985 Stoffregen, , 1986 Stoffregen et al., 1987) . Unfortunately, this hypothesis is difficult to evaluate given the relative paucity of research on basic motion detection in either infancy or young childhood (see Aslin, 1987 , for a review).
Alternatively, other work on perception-action coupling has implicated the importance of age and experiential factors (Adolph, 1995; Schmuclder, 1995 Schmuclder, , 1996 Schmuckler & Gibson, 1989) , as well as body size parameters (Burton, 1992; Carello et al., 1989; Konczak, Meeuwsen, & Cross, 1992; Mark, 1987; Mark et al., 1990; Mark & Vogele, 1987; Pufall & Dunbar, 1992; Warren, 1984; Warren & Whang, 1987) . Although Experiments 1 and 2 provided an initial assessment of these factors, future work could explore these issues more thoroughly. In terms of age and experiential factors, one possibility emerges from noting that the period between 2 and 6 years is characterized by the emergence of a number of advanced locomotor patterns, such as running, galloping, hopping, and skipping (Clark & Whitall, 1989; Whitall & Clark, 1994) . It is conceivable that the acquisition of one or more of these sophisticated locomotor patterns might be associated with changes in postural control and perception-action coupling.
Similarly, body size factors could be more thoroughly explored by expedmentaUy manipulating such parameters with children and adult participants. For example, height (e.g., leg length and standing height) could be increased by having children wear platform shoes. Mark (1987) , for example, found that artificially increasing leg length by having adults wear 10-cm blocks on their feet modified perceptual estimates of the height of surfaces that could be sat or climbed on. Alternatively, body height could be artificially reduced by having participants kneel on a force platform. Torso mass could be similarly manipulated by having participants wear weighted jackets. Although it is not at all obvious whether such manipulations would influence motor performance (as they do with perceptual judgments), nor whether such manipulations would affect children and adults comparably, systematic manipulation of such aspects would allow a more thorough assessment of the impact of these anthropomorphic variables on postural control.
In sum, the studies reported in this article examined the postural control of 3-to 6-year-old children in response to visual information for oscillation at speeds ranging from 0.2 Hz to 0.8 Hz. Analyses of the frequency, amplitude, and timing components of children's sway revealed a mixture of adulflike and nonadulflike balance control, although there was surprisingly little developmental change within each specific parameter. On a global level, research on the visual control of posture examines not only the processes involved in maintaining equilibrium and moving through the world, but also provides insight into the nature and development of perception-action coupling more generally.
